Prior studies have found weak evidence on the asymmetric nature of the beta coefficient based on upward and downward movements of the market by classifying market movements into two mutually exclusive and exhaustive series using a fixed threshold. Instead of using a directional measure, we used a smooth linear transformation function to measure both magnitude and direction of market movements which is scaled on the basis of the highest and lowest monthly market return during the preceding three years. Proposed classification can capture the asymmetric behavior of beta in a better way.
Introduction
Finance theory has long been established a positive relationship between the expected return and risk from an investment. The Capital Asset Pricing Model (CAPM) [1] [2] and [3] has provided a framework to model a linear relationship between risk of a stock and return from the overall market as per the following equation. [4] . A stock is considered risky if the beta of a stock is more than 1 and similarly it is considered relatively safe compared to market when beta of the stock is less than 1. This measure of beta has regularly been used for portfolio management, measuring performance of mutual funds, measurement of returns in event studies, etc. Following the CAPM model, the expected return from any security could be explained solely by beta that captures its level of systematic risk. However, several studies attempted to determine whether the Beta value of a stock using the standard model differs in different market conditions, such as, in bull and bear markets. In one of the earliest attempts, [5] using a sample of 700 stocks in New York Stock Exchange (NYSE) examined whether beta varied significantly between bull and bear market conditions between 1966 and 1971. They estimated separate betas for bull and bear markets and concluded that no significant difference exists between bull and bear conditions. Kim and Zumwalt [6] also could not find support for beta instability but reached to a conclusion that while an investor would be ready for a negative premium in an up-market condition, a positive premium was associated with the down-market beta. [7] also found a similar result as [6] , where they observed that decomposition of the systematic risk in up-market risk and the down-market risk was more appropriate to capture time-varying beta. [8] examined differences of beta estimates of individual stocks and unlike the results of [5] stocks exhibited significant differences over beta measures between the bull and bear market conditions during 1972-1977.
While some studies found evidence that beta changes by phases of the market, the evidence was varied and weak. Most of the studies used dual-beta based on a binary classification of up and down phases of the market, and such classifications can easily be influenced by the noisy movements of the market. As stock market movements are noisy, a minor fluctuation around the threshold value can be misinterpreted as signals for upward and downward movements of the market. As evidence to date on the topic is hardly reassuring, it justifies further research on the topic. Therefore, we revisit the presence of an asymmetric relationship between stock price movements and market movements. First, similar to other studies, we analyzed whether beta differed significantly during upward and downward movements of the market using a predetermined threshold to classify market movements into two phases. This indicator used could capture only the direction of the market return. Second, we used a smooth linear transformation function to measure both the magnitude and direction of market movements, which is scaled on the basis of the highest and lowest monthly market return during the preceding three years. This smooth function captures the up and down movements of the market between −1 and +1 depending on the direction and magnitude of change exhibited by the index. The current month's movement was measured on a linear scale that takes the highest monthly return of the index in the preceding three years as +1 and lowest monthly return as −1. The function would yield value close to zero for minor fluctuations around thresholds and give proportionate weight depending on the degree of market move-Theoretical Economics Letters ments. Thirdly, we augmented the beta measure of the capital asset pricing model by adding both the above-mentioned indicators based on a threshold and smooth transition function.
The uniqueness of this study lies in its proposition of a smooth linear transformation function which is found to be yielding better result over that of the traditional binary classification of beta for capturing the asymmetry. The smooth transition measure would give less weight to unsystematic and noisy movements and thus, expected to capture long-run departures in a better way. This indicator not only captured the direction of the market return but also contained a measure to capture the magnitude of the market return. It was observed from the study that the proposed method of market classification could capture the asymmetric characteristics of beta in a better way. In the study with 777 stocks, the asymmetric influence was significant in the case of 112 stocks, whereas the number was much lower when binary up and down classification was used in accordance with conventional procedures. Thus, our proposition of a smooth linear transformation function is proved to be yielding a superior result for capturing the asymmetry. Whether these asymmetries can be used for investment decisions, need further exploration.
The rest of the paper is arranged as follows. Section 2 reviews the literature. In Section 3, we explain data and methodology. Section 4 discusses the results. And Section 5 concludes.
Literature Review
A large number of empirical studies validated the usefulness of the CAPM model [2] [9] . The model is still treated as a theoretically sound model and is used as a benchmark for empirical investigations. The CAPM model asserts that only the systematic risk is rewarded as unsystematic risk can be reduced through diversification. The expected return of any risky security is the sum of the risk-free rate and risk premium estimated using beta. This interrelationship between the risk and the return can also be used to test the relationship between the variables.
The original study of [10] used a three-step approach to establish the validity of CAPM. First, they estimated the beta for individual securities. In the second step, they estimated each portfolio beta for a subsequent period, and in the last step, they regressed portfolio returns on portfolio betas. Using monthly data from 1935 through 1968, they found the existence of a positive relationship between returns and beta and concluded that the model adequately describes the relationship between risk and return in capital markets.
A number of studies [11] [12] however, found weak evidence in favour of beta and observed that the above relationship can be spurious as the difference in returns across many portfolios for a sample of monthly returns studies by him was not significant, and further the relationship was not consistent across various sub-periods. Beta as the most effective measure of systematic risk for individual securities was challenged by [7] and they suggested the use of several macroeco-Theoretical Economics Letters nomic variables, namely industrial production risk premium, twists in the yield curve, inflation, consumption, and oil prices. [13] studied beta for mutual fund and concluded that it reacts differently in bull and bear market conditions.
Other studies [14] [15] [16] examined the portfolio return build upon the dual-beta approach proposed by [5] . [14] observed that the dual-beta model improves return predictions formed by size, past beta, and historic portfolio-return performance. [15] concluded that "small firms stocks underperform large firm stocks when beta risk is allowed to vary in bull and bear markets" (p. 270).
Several other studies [17] [18] found insignificant evidence between beta and average returns. [18] even concluded that the CAPM model does not describe the last 50 years of average stock returns. They investigated several market variables' ability to explain the cross-sectional return of stocks. The market value of equity and ratio of book value to the market value of equity evolved to have the most significant effect on return. This result was countered by others, which argue that in the model specified by [18] , beta measures were mis-specified. [16] found significant size effect and in contrast to [18] ; they found that beta could significantly explain the cross-sectional returns.
Another set of studies tried to establish a relationship between return and beta using a conditional relationship. [19] argued that if realized market return is above the risk-free rate, portfolio betas should be positively related, however, when the realized market return is less than the risk-free interest rate, beta and return should be inversely related.
In order to address the situation when realized excess returns are not always positive, [19] argued that while CAPM model postulated a positive relationship between beta and expected returns, the empirical investigation of [18] used realized returns instead of expected returns. Working on the US market data, they found a significant relationship between conditional beta and returns. In a more recent attempt, [20] tested the modified CAPM proposed by [19] in eleven emerging markets and found corroborative evidence supporting a positive estimated risk premium in up-market conditions and a negative estimated risk premium in down-market conditions.
Segmenting the Market into Different Phases
In the absence of any sacrosanct definition for defining up and down market conditions, [13] segregated sampled periods into two mutually exclusive and exhaustive series by placing months in which mt r was non-negative as up months and conversely, when mt r was negative was categorised as down months. This classification ignored market trends and return of each month was considered independent of past months return. In another classification, they segregated months as substantially up or down months, where market returns were divided into three categories. When returns of the market are greater than 0.5 times of its standard deviation, that month was categorised as substantially up months and similarly, a month was categorised as substantially down months, Theoretical Economics Letters when the market return was less than 0.5 times of standard deviation. Months when movements were in ±0.5 standard deviation were considered normal months.
Several studies noted that the time series of market prices are noisy, and a simple threshold-based cut-off cannot measure the cyclical nature of the data.
[21] used a trend-based approach to capture the status of market conditions. [22] suggested classifications based on non-overlapping trend-based bull and bear phases. They had taken daily price changes of the Index to determine months in which peaks and troughs were found. [13] separated bull and bear months based on the median return of the market portfolio returns. [23] categorized the market into "Bullish", "Bearish," and "Usual" sections based on the quantiles of the returns series. 
Data and Methodology
We collected daily closing stock prices for top 1000 firms traded in U. for the corresponding period. Theoretical Economics Letters
As daily returns of 777 individual stocks and S&P 500 returns are used in the study and providing descriptive statistics of all series would consume space, the descriptive statistics of daily returns of S&P 500 index and first 10 stocks selected on the basis of alphabetic order of their trading symbols are presented in Table 1 .
Descriptive statistics of the monthly returns of the securities used are presented in Table 1 .
We estimated beta of the stocks using the following approaches:
First, the beta value was estimated using simple OLS following Equation (1) which is the most common measure of beta. 
The up and down movements of the market can also be captured by adding a variable to the Equation (1) as follows.
where t D will assume a value of +1 when the excess return of the market is nonnegative and −1 when the market return is negative. A positive and significant value of the coefficient 2 β would signify that beta is higher during upward movements of the market compared to the downward trends of the market and vice versa. In this measure, In the next step, to avoid sharp differentiation of market movements, we used a normalizing measure to capture the degree of market changes, where the magnitude and direction of market movements were transformed between two user-specified values. Supposing that "A" and "B" are the minimum and maximum values of the scale in which the actual values of market return ( mt r ) would be transformed; the following formula can be used. . We set the value of the lower limit A to −1 and the upper limit B to +1 so that converted values lie between the limits of ±1. The normalisation function was, therefore, simplified as follows.
The highest market price change during a past specified period would be valued at +1, and the lowest change would be taken as −1. Other periods will assume the value between −1 and +1 depending on the magnitude of change. This measure of market movement t N would be different from the measure t D used in Equation (2). Figure 1 shows the difference between t D and t N values of monthly returns of the S&P 500 index from February 2005 to March 2019.
The following regression was performed to capture the asymmetric influence market movements on the beta coefficient.
where, t N measures the state of market movement (both direction and magnitude) estimated using Equation (5) . Similar to the earlier approach, 2 β coefficient Source: plotted by the Author based on the analysis. Finally, to find the joint influence of both the indicators ( t D and t N ), the following regression was used.
Results and Discussion
Results of regression Equations ((1), (3), (6) , and (7)) are analyzed for analysis of the asymmetric nature of beta. However, producing a complete table for 777 securities would be space consuming, and hence, the estimated coefficients of 10 stocks (based on the alphabetic order of their trading symbols) are presented in Table 2 .
Prior studies have found a positive relationship between risk and return, and in line with those studies, we examined the relationship between return and beta by estimating the slope coefficient ( i β ) used in Equation (1). It was found that beta value was significant at 5 percent level for 729 stocks out of 777 stocks and not significant only in 48 cases during the sample period and thus, a relationship between risk and return was found in most of the price series.
In our endeavor to find whether the beta coefficient associated with up-market differs from beta for the down-market, Equation ( As the stock price movements are noisy and monthly return from a market fluctuates above and below the risk-free rate of return on a month to month basis, instead of using a simple threshold to classify the market, we used a smooth function that also measures the quantum of upward and downward movements using Equation (5) .
A comparison of the asymmetric component of beta when upward and downward movements of the market were measured by using a threshold approach as also when market movements were captured using a smooth linear transformation function, for all the price series investigated is presented in Table 3 .
The value of 2 β coefficient was significant in more number of cases where upward and downward movements were captured using the smooth linear transformation function. Percentage of stocks shown significant asymmetric beta component was higher when the status of market movements was measured the proposed smooth linear transformation function.
According to Fabozzi and Francis (1977) , the beta value significantly (at 5 percent significance level), differed in upward and downward movements of the market only in 3.9 percent of the cases and for the remaining cases, the asymmetric impact of beta for upward and downward movements of the market was not found significant. The current study found differences in 8.62 percent cases (at 5 percent significance level) when a threshold approach was used to capture the direction of market movements. However, the asymmetric impact became more prominent in 14.41 percent of the cases (at 5 percent significance level) when a smooth linear transformation function was used. It may, therefore, be inferred that although the asymmetric influence is low, the smooth transition function can capture the asymmetric characteristics of beta in a better way.
The null hypothesis of no difference of beta between up and down market; percent level. The difference between up and down market betas using the two methods described in Equation (2) and Equation (6) for 777 securities is plotted in Figure 2 . It is observed that 2 β measures using two different propositions were highly scattered and the correlation between two measures was only 38.36 percent. Thus, the variable t N in Equation (6) measures somewhat different information regarding the state of market compared to the variable t D in Equation (2) .
In order to find the influence of up and down markets, using both t D (threshold-based criteria) and t N (criteria that counts both direction and magnitude) in a single equation, Equation (7) was used for regression. Table 4 incorporates the value of coefficients 2 β and 3 β values using Equation (7) . It was found that 3 β coefficient attached to the smooth linear transformation could capture the asymmetric dynamics of beta in a better way compared to the coefficient 2 β (coefficient attached to the binary classification of market return). Theoretical Economics Letters Source: plotted by the author based on analysis. Figure 2 . Scatter plot of β 2 coefficients associated with D t (Equation (2)) and N t (Equation (6)). From the result, it may be interpreted that, in addition to the sign of excess market return, the magnitude of market return also becomes a determining factor in the conditional beta literature.
Conclusions
Previous studies attempted to establish a relationship between beta and different phases of the market have found weak evidence that betas are influenced by the Theoretical Economics Letters upward and downward movements of the market. The majority of the studies classified up and down or bull and bear classifications using a binary threshold.
Movements above and below the threshold are classified into two distinct categories. As movements of the markets are noisy, the returns of the market may fluctuate around the threshold due to random shocks and are likely to produce incorrect results. The smooth function used in the study avoids the use of fixed benchmarks and allocates weights based on both the direction and magnitude of market movements. As a result, minor fluctuations around the mean would weigh close to zero, whereas major movements will carry higher weights with relevant positive and negative signs.
It was observed from the study that the proposed method of market classification could capture the asymmetric characteristics of beta in a better way. In the study with 777 stocks, the asymmetric influence was significant in the case of 112 stocks, whereas the number was much lower when binary up and down classification was used in accordance with conventional procedures. Thus, our proposition of a smooth linear transformation function is proved to be yielding a superior result for capturing the asymmetry.
The support of the empirical findings in favor of the proposed smooth transition method of market classification, thus, advocates for the use of this measure of market segmentation as an additional component to the asset pricing models in forming portfolios as well as measuring their performance.
